Introduction
In the intertidal zone of Japan, a variety of seaweeds, green, brown and red algae, are widely distributed. The seaweeds have been eaten from ancient days and are highly favored for their textures and savoring. Several kinds of seaweeds are harvested and cultivated on the coast of Japan for foods. Among of these, the brown alga wakame Undaria pinnatifida is a popular seaweed in Japan. The blade of raw, salted and dried wakame have been used for ingredients of pickles, salads and soups in Japanese food. The alga contains nutritionally and physiologically functional components such as polysaccharides, carotenoids and vitamins. The processed wakame is generally produced by the following process. The raw wakame is blanched followed by cooled and salted salted wakame . The salted wakame is washed with water, and then dried to keep for a long time as a preserve food dried wakame . The salted and dried ones have a subtly marine aroma. Due to both preferential importance and academic interest, research has been carried out on the identification of aroma components of foods on various processing conditions. The effects of heating and drying on aroma components are often regarded as critical factors of flavor quality. The processes can cause thermal damage to the products. It seems that the blanching and drying of wakame have important influences on generation of aroma components during manufacturing. Although there are several reports about content was homogenized with distilled water 200 ml and then immediately subjected to the SDE apparatus for 2 hours with pentane-dichloromethane 2: 1v/v, 150 ml as an extraction solvent. The extract was dried over anhydrous Na 2 SO 4 and concentrated in vacuo 700-293 mmHg at 30 to give an essential oils in 0.076 extractability for dried and 0.013 for salted wakame, respectively. The essential oil was kept under N 2 at 25 until use.
GC-MS analysis of essential oil from dried wakame
The volatile components of the essential oil were analyzed by GC-MS with a DB-WAX column 0.25 mm i.d. 60 m . The oven temperature was programmed from 40 5 min to 230 50 min at a rate of 2 /min. The injection port and ionizing source were kept at 240 and 230 respectively. Helium was the carrier gas at the flow rate of 1.5 mL/min. The oil sample 1 μL was injected into the GC-MS, with the sprit ratio of the injector at 1: 10. Ionization voltage was 70 eV.
2.4
Puri cation of polyene in the essential oil from dried wakame The essential oils ca 30 mg obtained from the dried wakame were separated into non-polar and polar fractions by silica gel 3 g column chromatography. The non-polar fractions were obtained by hexane as an eluent solvent. The polar fractions were recovered by ether. The target compound 10 mg was yielded on the non-polar fraction. The compound was analyzed and assigned by GC-MS and NMR spectra, respectively. 
Syntheses of polyenes
6Z,9Z,12Z,15Z,18Z -1,6,9,12,15,18-henicosahexaene Methyltriphenylphosphonium bromide 532.5 mg, 1.49 mmol was dried under reduced pressure for 2 hours at 80 . Then, 1.63 M n-BuLi in n-hexane 925 μL, 1.51 mmol was added to methyltriphenylphosphonium bromide in THF 7 mL at room temperature under N 2 . After stirred for 30 min at room temperature, 5Z,8Z,11Z,14Z,17Z -5,8,11,14,17-icosapentaenal 426.6 mg, 1.49 mmol in THF 8 mL was added to the phosphorane solution at 78 . The reaction mixture was stirred for 1 hour. After diluted with cooled pentane 20 mL, the mixture was extracted with pentane. The extract was washed with brine, and dried over anhydrous Na 2 SO 4 . The extract was concentrated in vacuo and purified by silica gel column chromatogr a p h y t o g i v e 1 2 6 . 6 m g o f 6 Z , 9 Z , 1 2 Z , 1 5 Z , 1 8 Z -1,6,9,12,15,18-henicosahexaene as a colorless liquid, purity 99.9 , in 29. 8 
Preparation of fatty acid methyl esters from wakame
Total lipid was extracted from a wakame by Bligh-Dyer method. The sample 3 g was homogenized by a mill for 5 min. Then the powder was put into a solution of chloroform-methanol-water 1: 2: 0.8 v/v, 38 mL and the mixture was stirred for 1 hour. After added chloroform and water 1: 1.2 v/v, 22 mL , the mixture was filtered and the filtrate was extracted. The extract was concentrated in vacuo to afford a total lipid. The total lipid was saponified with 2N KOH-95 methanol at 80-90 for 1 hour. The mixture was extracted with ethyl acetate, washed with brine, and dried over anhydrous MgSO 4 . The extract was concentrated in vacuo. The concentrate was refluxed with a solution of 3 H 2 SO 4 -methanol 50 mL for 1.5 hours. After concentrated in vacuo, water 30 mL was add to the concentrate. The mixture was extracted with ethyl acetate, washed with K 2 CO 3 solution and brine. The extract was dried over anhydrous MgSO 4 . The extract was concentrated in vacuo to afford fatty acid methyl esters.
2.10 GC analysis of fatty acid methyl esters from dried wakame The methyl esters were analyzed by GC with a TC-WAX column 0.25 mm i.d. 30 m . The oven temperature was programmed from 140 5 min to 230 100 min at a rate of 4 /min. The injection and detection temperature were kept at 220 and 230 respectively. N 2 was the carrier gas 170 kPa . The sample 1 μL was injected into the GC.
Results and discussion
An essential oil EO from dried wakame Undaria pinnatifida , which prepared by a simultaneous distillation extraction method SDE , was obtained in 0.08 extractability. The EO had a subtly marine aroma. Figure 1 shows total ion chromatogram TIC of the EO from the dried wakame. One ion peak with a retention time of 85 min was found as a major component 40 in the EO. In order to identify the structure of the compound, the EOs prepared from the dried wakame by the SDE method were purified by silica gel column chromatography to afford the target component in 10 mg. The component was characterized by a molecular ion M at m/z 284 by GC-MS analysis. 1 H-NMR spectrum showed that the compound was contained in a set of vinyl protons, ten olefinic protons, four bisallylic methylene protons of pentadienyl structure, three adjacent methylene protons of double bonds, one methylene and one methyl protons. The proton signals of the compound indicated a polyene structure with 1,4-skipped dienes and the terminal vinyl group. 13 C-NMR spectrum showed 21 carbon signals, which identified by a DEPT experiment as twelve olefinic carbons, eight methylene carbons and one methyl carbon. The H-H COSY and HMBC spectra observed the correlation of the terminal methyl and vinyl protons with the 1,4-skipped diene structures. From these results, the major component in the EOs was Fig. 1 TICs of the essential oils from dried i and salted ii wakame Undaria pinnatifida. a 6Z,9Z,12Z,15Z,18Z -1,6,9,12,15,18-henicosahex aene; b 6Z,9Z,12Z,15Z -1,6,9,12,15-henicosapentaene.
proposed as 1,6,9,12,15,18-henicosahexaene. In order to confirm the positions and their geometries of double bonds in the compound, synthesis of the proposed polyene performed regio-and stereo-selectively. The skipped dienes can be constructed by the corresponding poly unsaturated fatty acids, which are commercially available, and the terminal alkene can be prepared by Wittig reaction with elongation of one carbon atom. Thus, 5Z,8Z,11Z,14Z,17Z -5,8,11,14,17-icosapentaenoic acid as a starting material was reduced with DIBAL in THF at 78 to afford 5Z,8Z,11Z,14Z,17Z -5,8,11,14,17-icosapentaenal in 38.4 yield. Wittig reaction of the aldehyde with methyltriphenylphosphorane, which prepared from the phosphonium salt in THF employing n-BuLi as a base at 78 , afforded 6Z,9Z,12Z,15Z,18Z -1,6,9,12,15,18-henicosahexaene in 29.8 yield Scheme 1 . The overall yield of the henicosahexaene was 11.4 in two steps Fig. 2 . The structure of polyene obtained from the EOs was compared with the synthetic henicosahexaene by GC-MS and NMR spectra. The retention time and the NMR spectra of polyene from the EOs was exactly coincident with those of synthetic. From these results, the major volatile component in the EOs from dried wakame was assigned as 6Z,9Z,12Z, 15Z,18Z -1,6,9,12,15,18-henicosahexaene. The henicosahexaene was reported for the volatile component in brown and red algae and diatoms 4 10 . In a previous report concerning EO from raw wakame, cubenol was most abundant component in the volatiles 1 . Cubenol was also detected in the EOs from brown and micro algae 11 13 . We carefully investigated cubenol in the EOs from dried wakame by comparing with the mass spectrum and retention indices. However, we did not detect on cubenol from the EOs in this study. From these findings, it was proposed that the blanching process has an important influence on the volatile components during manufacturing. The blade of wakame damaged during the blanching could justify the decrease in the volatile components including cubenol, due to the conditions which could favor their loss. It seems that the polyenes could be formed not only during the processes of salted and dried wakame, but also during storage. Interestingly, the synthetic henicosahexaene showed a subtly marine aroma. Then, in order to evaluate the odorstructure relationship of the polyene moiety, the analogs were synthesized for the same procedures. Thus, poly unsaturated fatty acids such as 5Z,8Z,11Z,14Z -5, Fig. 2 . The overall yields of the polyenes were 9.5 -15.2 in two steps. The odor description of synthetic henicosapentaene was similar with the henicosahexaene, although the threshold became weaker. The marine aroma disappeared in the polyenes with tetraene and triene, whereas the tricosaheptaene showed a subtly fruity aroma. In our previous studies, long-chain aldehydes such as 7Z,10Z,13Z -7,10,13-hexadecatrienal and 8Z,11Z,14Z -8,11,14-heptadecatrienal had a seaweed or Ulva like aroma, whereas 8Z,11Z -8,11-heptadecadienal and pentadecanal had an oily aroma 14 . The more double bonds increased in the skipped dienes, the stronger marine note possessed in the aldehydes. The odor-structure relationships of the polyenes were good agreement with those of the long-chain aldehydes.
On the other hand, investigating for the related polyenes in the TIC of EOs from dried wakame by the SDE method, a candidate of polyenes with the retention time of 82 min was detected as a minor component by the GC-MS analysis Fig. 1 . The component was characterized by a molecular ion at m/z 286 by the GC-MS analysis. Comparing with the retention times and MS spectra of synthetic polyenes, the minor polyene was identified as 6Z,9Z,12Z,15Z -1,6,9,12,15-henicosapentaene.
Furthermore, EOs from salted wakame by the SDE method investigated by the GC-MS Fig. 1 . Although the Scheme 1 Synthesis of polyenes. amount of EOs 0.01 extractability was lower, TIC of the EO from salted wakame was similar with that of the dried. One major component was also found in the EOs as shown in the dried wakame, the compound was coincident with 6Z,9Z,12Z,15Z,18Z -1,6,9,12,15,18-henicosahexaene. 6Z,9Z,12Z,15Z -1,6,9,12,15-Henicosapentaene was also detected as a minor component in the EO from the salted wakame. These polyenes show marine aroma, suggesting that the components contribute to the characteristic aroma of the salted and dried wakame.
In order to elucidate the biosynthetic pathway of polyenes, the fatty acid composition of dried and salted wakame was investigated, because the hydrocarbons were probably formed by decarboxylation of corresponding fatty acids. Although docosapentaenoic acid C22: 5 was proposed for a precursor of the henicosahexaene, no the fatty acid was detected in the total lipids in both dried and salted wakame. The most abundant fatty acids in the lipids in dried wakame were octadecatetraenoic acid C18: 4; 30. 4 , icosapentaenoic acid C20: 5; 14.5 , linolenic acid C18: 3; 10.8 , palmitic acid C16: 0; 10.7 and arachidonic acid C20: 4; 8.7 . The fatty acid composition of salted wakame was similar with that of the dried. Youngblood, W.W. et al. also reported that the corresponding fatty acids were not observed in marine algae to form the polyenes 5 . These results suggested the elongation of fatty acids such as octadecatetraenoic acid or icosapentaenoic acid followed by decarboxylation to produce the polyenes. The results of this study indicated that different conditions raw, salted and dried in wakame alter the volatile components. The level of the henicosahexaene increased upon the EOs from salted and dried wakame. It was supposed that the odor quality of wakame in each condition might contribute to the composition of volatiles including polyenes.
Broekhof, N. L. J. M. et al. reported that the polyenes were easily oxidaized under air to afford their degradation products 15 , whereas Kurihara, H. et al. reported that the polyenes were stable under the air for several weeks 16 .
Thus, the author investigated the stability of 6Z,9Z,12Z, 15Z,18Z -1,6,9,12,15,18-henicosahexaene under O 2 . The henicosahexaene was allowed to stand for three weeks at 33-35 under O 2 . The oxidative products were monitored by GC-MS. The oxidants of the henicosahexaene were not observed for two weeks. However, the oil of henicosahexaene was changed from colorless to yellow color, precipitants were formed after three weeks. In the oil after three weeks, one major volatile component was detected, the oxidized product was proposed as 5-hexenal by the GC-MS analysis. Thus, 5-hexenal was prepared by oxidation of 5-hexen-1-ol with TEMPO in 32.8 yield. The MS spectrum of the oxidized product was coincident with that of synthetic. This result indicated that the henicosahexaene would be likely to degrade oxidatively to 5-hexenal during storage of the salted and dried wakame.
In conclusion, the main finding of this study is that the polyenes in the dried wakame were determined as characteristic aroma components by GC-MS, isolation and synthesis. Synthesis of the polyenes provided more detailed information about the odor-structure relationship, therefore proving that the number of double bonds seem to have an important role in marine aroma. Overall, this work will contribute to a new insight into the role of polyenes on marine aroma perception, which should be taken into consideration in the quality of marine products.
